Fracture is a type of musculoskeletal injury that contributes to an inability to perform daily activities. The objective of this study was to evaluate activities of daily living (ADL) of older adult patients with lower body fracture and to determine factors influencing ADL. Patient's ADL was assessed at pre-fracture, ward admission and post-discharge phases using the Katz ADL questionnaire. There were 129 subjects at pre-fracture and ward phases and 89 subjects at discharge phase. There were four independent variables; age, gender, type of fracture and ability to walk before fracture. Logistic regression models showed that 'age' and 'ability to walk before fracture' were the determinant factors of dependent for 'bathing', 'dressing' and 'toileting'. The 'ability to walk before fracture' was the determinant factor of dependent for 'transferring'. 'Age' and 'gender' were the determinant factors of dependent for 'continence', while 'age' was the determinant factor of dependent for 'feeding'. The ADL score changes were significant across the phases with a reduction in ADL score in the ward admission phase and partial increment during the post-discharge phase. There were improvements in the health outcomes of subjects aged more than 50 years old after 3 months of being discharged from the hospital. In conclusion, age, being female, having a hip fracture and using a walking aid before fracture were the determinants identified in this study.
Introduction
Bone fracture is one of the types of musculoskeletal injuries that results in additional injury to soft tissue surrounding the fracture [1, 2] . Most bone fractures are the result of injuries from falls or vehicle crashes, but also can be caused by certain diseases, such as tumours and osteoporosis. Osteoporosis is a condition characterized by low bone mineral density (BMD) and micro-architectural bone deterioration, resulting in a loss of bone strength and therefore increased risk of fracture. The risk of osteoporotic fractures, the clinical endpoint of osteoporosis, increases with age. It is associated with deterioration in quality of life, inability to perform daily activities, increased morbidity, mortality and high socio-economic costs [3] . According to the 2016 World Osteoporosis Day report, osteoporotic fractures may affect one in three women and one in five men over the age of 50 [4] . Middle-aged and older men and women with annual height loss of more than 0.5 cm are at increased risk of hip and other fractures, as the bone strength decreases rapidly due to osteoporosis after reaching 50 years of age [5, 6] .
Fractures can be defined according to the regions of the boney anatomy. Fractures that involves body parts lower than the hip bone are considered as lower limb fractures. This type of fracture accounts for approximately one third of all fractures and may contribute to significant mortality and morbidity [7, 8] . Hip fractures have received the most attention compared to other osteoporotic fractures. There are numerous reports on hip fractures contributing to personal burden, especially in terms of limited mobility [9, 10] . Typically, hip fractures are associated with loss of ability to walk independently and may require long-term care. Patients may need help carrying out daily activities and thus may be totally dependent on their family members and relatives [11] [12] [13] .
The recovery from an osteoporotic fracture may take time and sustain significant burden in health expenditures: [14] such as hospitalizations, rehabilitative and long-term care, and informal care [15, 16] . According to the recent fracture management protocol, patients are discharged from the hospital earlier to minimize costs and reduce risks of nosocomial infections from prolonged hospitalization. This shifts the management of fracture and costs to rehabilitation in the community. A study by Wiktorowicz et al. [17] revealed that the cost of initial hospitalization of hip fracture cases may represent only 27% of the total costs of management, while the costs of managing this patient after discharged from the hospital may account for 69% of the 1-year costs post-fracture. The main cost of rehabilitation was spent on stays at nursing homes and rehabilitation centres, as well as outpatient and home physical therapy sessions [18] . Rehabilitation is the cornerstone in efforts to reduce the rates of ambulatory and functional impairment as well as to improve patient's activities of daily living (ADL) [19] . While not all patients may experience full recovery of ADL function at hospital discharge, some may experience impaired ADL even months after discharge from the hospital [20] . Thus, it is important to evaluate the ability of fractured patients to perform ADL, as it may provide information regarding the outcomes of osteoporotic fracture patients after their hospital discharge. Apart from that, the relationship between pre-fracture characteristics (age, gender, fracture type and pre-fracture mobility status) and the outcomes of osteoporotic fracture patients after hospital discharge is still unclear and need to be elucidated.
In general, the adverse outcomes in patients who sustained a hip fracture are divided into early complications (occurring within the first 30 to 90 days), and long-term outcomes. Common and potentially preventable early complications of hip fracture may include venous thromboembolism (VTE), delirium, pressure ulcers, cardiovascular events and infections (urinary tract infections, surgical site infections and pneumonia). According to a study by Brown et al. [21] , in a single site cohort, one or more events of the early complications occurred in up to 50% of patients who sustained a hip fracture have the inability to walk before fracture. Long-term outcomes that were usually encountered after a hip fracture include functional disability, secondary fractures and mortality. As for functional disability, gait impairment is noticeably common after a hip fracture. Less than half of patient who have had a hip fracture regained their prior level of ambulation at 1 year, and nearly 20% became immobile [22] . Apart from that, patient's health condition may be worsened by another fracture within two years after their hip fracture, as reported in a study by Colon-Emeric et al. [23] . Eventually, the risk of mortality following hip fracture may be substantially increased.
Although the occurrence of hip fractures has been the subject of many previous studies, the epidemiology of all the combined lower limb fractures that include hip, femur, patella, tibia-fibula, ankle, and metatarsals has not been extensively studied in the Asian population, particularly in Malaysia. In this study, we evaluated the activities of daily living (ADL) of the lower limb fracture patients at three different phases; pre-fracture, ward admission and 3 months post-discharge. Presently, there is very little quantitative information in the literature on the independent variables such as age, gender, types of bone fracture and ability to walk before fracture for lower limb fracture patients.
To address these questions, we carried out a population-based study using Katz ADL questionnaire at two hospitals, Hospital Canselor Tuanku Muhriz (HCTM) and Hospital Kuala Lumpur (HKL), which are located in Klang Valley, Malaysia. 
Materials and Methods

Research Design
Selection and Sample Size of Subjects
Subjects were patients admitted to HCTM and HKL orthopaedic wards. They were selected using selective sampling method based on the inclusion and exclusion criteria. The inclusion criteria were: (1) men and women; (2) aged 50 and above; (3) Malaysian citizens; (4) all types of lower limb fracture; (5) patients admitted to the orthopaedic ward of HCTM and HKL. The exclusion criteria were: (1) patients diagnosed with psychiatric, dementia, Alzheimer's disease; (2) cancer patients; (3) having pathological fractures other than osteoporosis; (4) patients living outside the Klang Valley; (4) patients with hearing and speech problems.
The sample size of subjects was calculated by using the Green method or formula [24] . The calculation formula based on Green is described as: N = 50 + 8 (m), where N represents "total subjects of study" while m represents "independent variable". In this study, there were four independent variables (age, gender, types of bone fracture and ability to walk before fracture). Therefore, after inputting all the values into the formula, the minimum sample for this study was 82 subjects. However, as this study involved a follow-up visit, drop-out rate must be considered. With the estimated the drop-out rate of 30%, the minimum number of subjects at the start of this study was 107 subjects. In this study, 129 subjects were recruited for the pre-fracture and ward admission phases, and the numbers had dropped to 89 subjects at the post-discharge phase.
Study Protocols
Evaluation of patient's ADL was carried out at all the phases: pre-fracture, ward admission, and post-discharge phases using validated Katz ADL questionnaire. This questionnaire was chosen because of its widespread use in the evaluation of ADL status, particularly for older adult subjects [25] [26] [27] . Data collection for the pre-fracture and ward admission phases were performed when the subjects were in the ward. While, for the post-discharge phase, subjects were assessed during their follow-up visits at their respective orthopaedic clinics three months after discharge from the hospital. All data were based on self-report by interviewing the subject, while the questionnaire was filled out by the researcher.
The Katz ADL questionnaire consisted of a score that reflect whether the subject is 'dependent' or 'independent' on the six items related to self-care (bathing, dressing, toileting, transferring, continence and feeding). "Independent" is defined as the ability of the subject to perform an unattended activity, direction or assistance and is based on the current status. 'Dependent' is defined as a subject that requires assistance, supervision and direction for the activities. Each of the daily activity in this questionnaire is also defined in detail with the assessment of whether it is 'dependent' or 'independent' for each subject.
'Bathing' in ADL status is defined as 'dependent' for subjects that need help to cleanse more than one body part during bathing, need help to get out and into the bathroom. Meanwhile, 'independent' in terms of 'bathing' is defined as being able to shower by themselves or need help to cleanse only one body part. For 'dressing' activities, subjects are assumed to be 'dependent' if they are unable to dress themselves fully. Subjects are categorized as 'independent' in 'dressing' if they are able to pick up garments in clothes storage, and wear clothes on their own. Apart from that, if subjects are not able to tie the shoe strap, they are still categorized as 'dependent' in 'dressing'.
For the 'toileting' activity, subjects are considered 'dependent' if using catheters or need help (supervision, instruction and personal assistance) with toileting. Subjects who are able to go to the toilet, and clean the urinary and digestive organs are categorized as 'independent'. The 'transferring' activity is defined as 'dependent' if subjects require assistance (supervision, instruction and personal assistance) in moving from the bed and/or chair and also unable to perform one or more movements. Subject are defined as 'independent' if able to move from bed and/or chair on their own. The use of mechanical aids is permissible.
The 'continence' activity is defined as 'dependent' if subjects have problems in controlling or carrying out urination or defecation partially or fully. Subjects that depend on auxiliaries for stool discharge such as enema, catheters or frequent use of urinal or stool containers are assumed to be 'dependent' on 'continence' activity. Subjects that are capable of controlling urination and defecation themselves are defined as 'independent' in 'continence' activity. The 'feeding' activity is defined as 'dependent' if subjects require assistance to feed i.e., needing personal help to put food into the mouth or using tubes and not taking food on their own. Subjects capable of self-feeding without assistance are defined as 'independent' for 'feeding' activities. Food preparation is not included in this assessment. Each subject was assessed for every daily life score by giving '0 for the 'dependent' subject and '1 point for the 'independent' subject. Scores are added to get the score for six ADL items. The total for this assessment score ranges from 0 to 2 (dependent), 3 to 4 (semi-dependent) and 5 to 6 (independent) [28] [29] [30] [31] [32] .
Statistical Analysis
Descriptive analysis was conducted to determine the frequency and the percentage of the subject for each ADL item. Subjects were analyzed either 'dependent' or 'independent' for each ADL item for all the three phases (pre-fracture, ward admission and post-discharge phases). Logistic regression models were performed to define the determinant factor of 'dependent' after three months post-discharge for each ADL items.
Apart from that, receiver operating characteristic (ROC) test was performed to determine the stability of the logistic regression models. The value of area under the curve (AUC) was used as a reference to determine the strength of a model [33] . Descriptive tests were conducted to determine minimum and maximum scores and mean scores of ADL for the three phases. Besides that, Friedman test was conducted to assess whether there was a significant increase or decrease in scores of ADL for the three phases. The Mann Whitney U test also was conducted to determine whether there was a significant difference between independent variables with ADL scores after three months of discharge from the hospital.
Results
A total of 129 subjects were enrolled for the pre-fracture and ward admission phases, and there were 89 subjects left at 3 months post discharge phase. The demographic data of the patients is tabulated in Table 1 . Of the 40 subjects who dropped out, 14 had died, 15 had withdrawn from the study and 11 were uncontactable ( Table 2) . 
ADL: Frequency and Percentage of Independent or Dependent
At the pre-fracture phase, the majority of patients were "independent" for all ADL assessed in this study (bathing, dressing, transferring, toileting, continence and feeding). A total of 128 subjects (99.2%) were 'independent' in bathing, dressing, transferring and toileting while only one subject (0.8%) was categorized as 'dependent'. In terms of continence, 113 subjects (87.6%) were 'independent' and 16 subjects (12.4%) were 'dependent'. Feeding activity of ADL showed that all 129 subjects (100.0%) were 'independent'.
In the ward admission phase, feeding was the highest ADL 'independent' activity with 110 of the subjects (85.3%) categorized as 'independent' and only 19 (14.7%) subjects were categorized as 'dependent'. In terms of bathing activity, only 2 subjects (1.6%) were 'independent' compared to 127 subjects (98.4%) who were 'dependent' of this ADL activity. Dressing activity showed that 14 (10.9%) subjects were 'independent', while 115 subjects (89.1%) subject were 'dependent'. A total of 12 (9.3%) subjects were 'independent' in transferring activity and 117 (90.7%) subjects were considered as 'dependent'. Toileting and continence activities showed that 3 (2.3%) and 22 (17.1%) subjects were 'independent' while 126 (97.7%) and 107 (82.9%) subjects were 'dependent' respectively.
The post-discharge phase showed more independency compared to the ward admission phase for all ADL activities. Feeding activity showed the highest improvement with 84 subjects (94.4%) 'independent' and only five subjects (5.6%) 'dependent'. In terms of continence activities, 66 subjects (74.2%) were 'independent' and 23 subjects (25.8%) were 'dependent'. Transferring activity showed that 67 subjects (75.3%) were 'independent' while 22 subjects (24.7%) were 'dependent'. A total of 57 subjects (64.0%) were 'independent' in dressing activity and 32 subjects (36.0%) were 'dependent'. Both bathing and toileting ADL activities showed the least improvement in independency, with only 55 subjects (61.8%) declared 'independent', while, 34 subjects (38.2%) were still in 'dependent' category. The frequency and percentage of subjects according to ADL scales (independent/dependent) in all three phases were listed in Table 3 . 
Determinant Factors Dependent for ADL at Post-Discharge Phase
Six logistic regression models were developed to assess the relationship between the six ADL scales and independent variables. The post-discharge phase (three months after discharged from the hospital) was used to be tested against four independent variables: 'age', 'gender', 'fracture type' and 'ability to walk before fracture (use or did not use walking aids)'.
The first regression model developed was for the ADL bathing activity and the independent variables. According to the model, only two variables showed significant value; 'age' (p = 0.036) and 'ability to walk before fracture' (p = 0.005).While, the other two variables; 'gender' and 'fracture type' did not show any significant changes. The strong determinant factor for bathing activity was the use of walking aid before the fracture with an odd ratio (OR) of 5.87. This means that, by controlling other factors in the model, subjects that used walking aids before fracture have 5.87 times higher probability of becoming 'dependent' on bathing activity than subjects that did not use the walking aids before fracture. 'Age' factor showed an OR of 1.08, meaning that by controlling other factors in the model, increased age by one year may increase the probability of becoming 'dependent' on bathing activity by 1.08 times.
The second regression model was developed for the determinant factor of dressing activity. Two factors showed significant value; age (p = 0.001) and ability to walk before fracture (p = 0.001). Both gender and fracture type factors did not show any significant value, with p value of 0.67 and 0.35, respectively. Both age and the use of walking aids before fracture factors showed an OR of 11.23, suggesting that these two factors may increase the probability of becoming dependent for dressing by 11.23 times. Based on the regression model of determinant factors for transferring activity, only the ability to walk before fracture showed significant value of p = 0.029, while other factors did not show any significant value. The OR for subjects that used walking aids before the fracture was 3.68, suggesting that the probability of being dependent for transferring activity was 3.68 times higher in subjects that had used walking aids.
As for toileting activity, it was shown that age and the ability to walk before fracture had significant value of p = 0.043 and p = 0.011, respectively. The OR for age factor was 1.07, while the OR for subjects that used walking aids before the fracture was 4.62. The OR suggested that a one-year increase in subject's age increased the probability of dependency for toileting activity by 1.07 times, while subjects that used walking aids before the fracture have the probability of being dependent on toileting activity by 4.62 times higher than subjects that did not use walking aids before the fracture.
The fifth regression model was generated for continence activity. Age (p = 0.013) and gender (p = 0.043) showed significant values. The OR for age was 1.12, suggesting that a one-year increase in age increased the probability of being dependent for continence activity by 1.12 times. The OR of 4.35 for female subjects showed that the probability of being dependent for continence activity was 4.35 times compared to male subjects. The final regression model was for feeding activity. Only the age factor (p = 0.019) was significant. The age OR was 1.40, suggesting that a one year increment increased the probability of being dependent for feeding by 1.40 times. Details of the logistic regression were tabulated in Table 4 . To determine the strength of the regression models, the receiver operating characteristic (ROC) analysis test was performed. For the first model, the determinant factor for bathing activity, showed the area under the curve (AUC) of 95%. Both second and third models, the determinant factor for dressing and transferring respectively, showed the AUC of 83.9%. The AUC for the fourth model (the determinant factor for toilet activity) and fifth model (determinant factor for continence activity) showed the AUC values of 84.5% and 90.0% respectively. The final and sixth model (determinant factor for feeding activity) showed the AUC value of 85.3%. Figure 1 showed ROC curve with AUC values for all of the six regression models. All the models have AUC values in the good category and acceptable. 
Daily Life Activity Scores (ADLs) across All Three Phases of Study
From the data analysis, the mean daily activity score (ADL) in the pre-fracture phase was 5.85 which can be categorized as 'independent'. In the ward admission phase, the mean score was 1.28, which was categorized as 'dependent'. For the post-discharge phase, the ADL score was categorized as 'partial dependent' with a mean score of 4.33.
The Friedman test was conducted to determine if there were significant changes for ADL scores across all three phases. There was a significant change (p = 0.000) on ADL scores across all three phases in this study. The results showed that there was a decrease in ADL scores from the pre-fracture phase with median score of 6 and inter quartile range (IQR) of 0 to the ward admission phase with median score of 1 and IQR of 0. Then, there was an increase in ADL scores from the ward admission phase to the post discharge phase with median score of 6 and IQR of 4. Table 5 shows minimum scores, maximum scores and mean scores for all three phases and Table 6 shows changes in ADL scores across all three phases. Table 6 . Changes in ADL scores across all three phases.
Phases
ADL Score Median (IQR) p-Value
Pre-fracture phase, n = 129 6 (0) 0.000 Ward phase, n = 129 1 (0) Post-discharge phase, n = 89 6 (4) The analysis of the Mann-Whitney U test revealed that all independent variables (age, gender, fracture type, ability to walk before fracture) showed significant difference with the ADL scores in post-discharge phase. There was a significant difference (p = 0.000) between subjects in the middle age and older adult categories. Subjects in the middle age category (50-64) had a higher score with a median IQR of 6 (0) compared to the older adult age category (≥65) with a median IQR score of 3 (5). There was also a significant difference (p = 0.021) between the gender in which median IQR of the male and female subjects were 6 (one) and 6 (five), respectively.
The independent variable of fracture type showed significant values (p = 0.000) with the hip fracture type with median IQR of 3 (five) and non-hip fracture with median (IQR) 6 (zero). The hip-fracture type had lower median IQR score. Subjects using walking aid before fracture were significantly different in ADL scores (p = 0.000) compared to subjects not using walking aid before fracture. Subjects walking aid before fracture had lower median IQR of 2 (three) compared to subjects not using walking aid before fracture, with median IQR of 6 (two). Table 7 showed ADL scores and independent variables (age, gender, fracture type and ability to walk before fracture). Table 7 . ADL scores and independent variables (age, gender, fracture type and ability to walk before fracture). 
Independent Variables Median (IQR) p-Value
Discussion
The scores of Daily Life Activity (ADL) Scale
The Katz ADL questionnaire was the main tool used to measure and assess functional performance in patients [31, 34] . It was established to evaluate functional outcomes in older adult by rating the subjects as dependent or independent of the six scales of basic activities; bathing, dressing, toileting, transferring, continence and feeding [35] . It is sensitive to detect declining health status but it has limited ability to measure small increments of change during rehabilitation of older adults. However, it is very useful in creating a common language to evaluate the functional outcomes in older adult for an overall care planning and discharge planning of all practitioners and caregivers [36] .
There are various factors that lead to difficulties in doing all the basic activities. Most patients diagnosed with osteoporosis, arthritis and stroke have higher potential in ADL difficulty. Older adult, especially those aged 85 years and above, have a higher problem in performing ADL than younger ones [37] . This study focuses on ADL-related assessments among subjects aged 50 years and above and the evaluations are based on the three main phases after a fracture i.e., pre-fracture phase, ward admission phase and the post-discharge phase (3 months after hospital discharge). In this study, the four variables (age, gender, fracture type and ability to walk before fracture) were chosen in accordance with several previous studies that these variables contribute much influence on ADL [20, [25] [26] [27] . Thus, this study was performed focusing on the Asian population, particularly in Malaysia.
In this study, the pre-fracture phase showed that most of the subjects (99.2%) were 'independent' in bathing, dressing, transferring and toileting. This result was in line with the results of Puteh et al., who studied elderly subjects in four districts in Selangor, Malaysia. In the study, it was shown that among elder subjects (60 years and above), there was a higher percentage (93.1%) of independent subjects on basic ADL activities as compared to dependent subjects (30.7%). However, the comparison between these two studies was limited by the difference in questionnaires used to assess the elder subjects. Puteh et al. used the Modified Barthel Index (MBI) to assess self-reported ADL dependency. The aspects evaluated in the questionnaire and the scoring of ADL are quite different, and these make it difficult for a scrutiny comparison regarding the daily activities [38] .
In our study, feeding activity showed the highest percentage of 'independency' compared to other ADLs. This result corresponded to a study conducted among older adult over 60 years old in Beijing, China in 1999 [39] . In the study, feeding activity for all the subjects (100%) was in the 'independent' category. However, direct comparison with our study cannot be carried out as the Beijing study used a different ADL evaluation questionnaire with "14 self-reported questions" [39] . Apart from that, the results of our study were consistent with the findings of the study conducted in Brazil among the older adult aged 60 years and above. The study in Brazil was conducted in urban areas and used the same questionnaire, Katz ADL. Therefore, a more detailed comparison of each activity can be made more clearly and accurately. The findings showed that most of the subjects in the older adult were categorized as "independent" for basic activities such as bathing, dressing, transferring, toileting, and feeding. These coincided with our findings. Moreover, the study showed that continence activity had the highest percentage of dependence compared to other ADLs, with 21.3% subjects categorized as dependent (partial/full assistance) [25] . This was also in line with our study, in which continence also showed the highest percentage (12.4%) of dependent subject. The high "dependency" in continence activity can be defined as dual incontinence of urine and stool, which is the most extreme manifestation of pelvic floor dysfunction. The dual incontinence is associated with a greater negative effect on quality of life and is more prevalent among older adults [40] . Thus, this might be the reason of the high "dependency" in continence activity during pre-fracture phase.
Although the decline in ADL activity was usually closely related to age factors [20, 25] , several previous studies including ours, showed that prior to fracture, most older adult could still be categorized as 'independent' for most ADL activities [20, 41] . For instance, in our study, majority of the subjects were independent in all ADL activities before getting the fractures. Thus, age is not the major cause of difficulties in doing basic day-to-day activities, but, trauma such as fracture occurrence can contribute to dependency in doing ADL activities [41, 42] . This could be clearly seen in our study, where after the event of a fracture (ward admission phase), the majority of the subjects had very significant deteriorations in every aspect of ADL activities. The five ADL activities such as bathing, dressing, transferring, toileting and continence showed high "dependency" percentage of more than 80% during the ward admission phase. Only feeding activity maintained a high 'independent' subject of 85.3% in the ward admission phase. This finding was supported by a study by Kelsey & Samelson (2009) , which concluded that fractures in older adult occur commonly at hip or proximal humerus, in which feeding activity is not directly affected [43] .
The outcomes in ADL function after a fracture were reported to be inconsistent among several studies. In a systematic review study conducted by Sharkawi et al., the outcomes of the ADL function using the Katz ADL questionnaire were found to be different. Of the five studies included in the systematic review, three studies showed increased 'dependency' levels on the patient's ADL after a hip fracture. While, two other studies showed reduced 'dependency' levels with less than half of the fracture patients failed to regain their pre-fracture ADL level after one year of a hip fracture [26] . The different outcomes for these studies may be contributed by the different study duration and the methods of follow up. The duration of follow up visit varied; 6 months to 4 years [44] , 1 year [30, 45, 46] and 8 years [47] . With regards to methods of follow up, other than home visits, the patients were also contacted via email or telephone, which might affect the responses.
In our study, the ADL activities, except for the feeding activity, showed the percentage of independent between about 60 to 74%. This was parallel to a study conducted by Alarcon et al. where patients who have had a hip fracture were followed-up for 24 months to measure their improvements in activities of daily living. In this study, activities such as climbing stairs, chair/bed transfers, ambulation, dressing, bathing and use of toilet showed the percentage of independent between 67.5 to 76%. However, this study had used a different questionnaire, which was "Barthel Index" questionnaire. Apart from that, the duration of follow-up was also different, in which the subjects were followed up for 2 years [48] .
In our study, both the bathing and toileting activities showed the highest 'dependency' compared to other ADLs during the ward admission and post-discharge phases. Meanwhile, feeding showed the lowest 'dependency' among the subjects in all three phases. Bathing and toileting activities were the ADL activities that largely depended on the lower limb functions. This may be the reason why patients with lower limb fracture became dependent on assistance [49] . Magaziner et al. reported that for patients with lower limb fractures, the recuperation period were 11 months for lower extremity physical and instrumental ADLs. This showed that the recovery period for lower limb fractures were quite long, and these patients were in serious need of help to do ADL with lower probability of recovery [50] . Alarcon et al. had followed-up patients who had a hip fracture for 2 years to assess recovery to their previous pre-fracture level. They classified the activities of daily living into two categories; (i) lower probability of recovery (climbing stairs, chair/bed transfers, ambulation, dressing, bathing and use of toilet), (ii) higher probability of recovery (grooming, feeding and bladder and bowel control). Thus, this study was in agreement with our study, which showed bathing and toileting having the lower probability of recovery. Apart from that, both the studies reported that feeding had the lowest 'dependency' among the subjects [48] . The functional decline of older patients is closely related to reduced physical activity as a result of pain and afraid of re-fracture. According to Riemen and Hutchison, encouraging the fracture patients to remain physically active and participate in self-care can reduce the declined functions in ADL [51] . Apart from that, the management of fracture patients should include intervention programmes to prevent fracture and to improve rehabilitation and treatment for older patients with lower limb fracture.
Determinant Factors for Daily Life Activities at Post-Discharge Phase
Several studies have revealed that the prevalence of trauma and recovery from post-traumatic injuries were affected by age, gender, and living alone [52, 53] . Other identified determinant factors for ADLs after traumatic bone fracture includes existing health/illness, residence, rehabilitation protocol and type of bone fracture suffered. Factors affecting or impacting the ADLs of traumatized older adult with bone fractures can be influenced by different cultures and health-related systems for each country. Some countries may lack comprehensive programme for prevention, treatment, and long-term rehabilitation for older adult trauma patients. Thus, determinant factors for ADL after trauma should be fully understood to ensure proper planning and strategies in the rehabilitation programme [20] .
Most of the existing studies explained the determinant factors for ADL on the overall scores of ADL scales. However, detailed studies on determinant factors for each ADL scale is limited and rarely done. To the best of our knowledge, this is the first detailed study on determinant factors for all the ADL activities (bathing, dressing, transferring, toileting, continence, and feeding) among patients with lower limb fracture, especially in Malaysia. The results of this study can be used as a reference for future studies in improving the effectiveness of rehabilitation and recovery of bone fracture patients.
Six logistic regression models were tested to identify the determinant factors for each ADL scale at the post-discharged phase in this study.
In our study, age was the determinant factor for ADL activities such as bathing, dressing, toileting, continence and feeding. This finding was consistent with two previous studies that showed increasing dependence with age [20, 54] . This may be due to the fact that elders usually have many health problems such as musculoskeletal disorders, visual and hearing impairment which deteriorated with age [55] . There is also a possibility that elder patients may limit their activities after trauma in fear of re-injury, and this contribute to age being the determinant factor for ADL activities. According to a study by Povoroznyuk et al., the reparative processes for fracture in older adult were slower compared to younger population [56] . This might be due to the decrease in the activity of genes responsible for cell regeneration with age [57] .
Gender was the determinant factor for continence activity, in which female subjects showed the odds ratio of 4.35 after other factors had been controlled in the model. The odds ratio indicated that female subject had 4.35 times higher probability of being dependent for continence activity compared to male subject. Difficulties in continence are closely related to pelvic floor disorders, and this is more associated to women. According to Matthews et al., they identified a strong association between multiparity and dual incontinence. It is possible that cumulative effects of anatomic and neuropathic problems in older women are more likely to result in the pelvic dysfunction and contribute to dual continence problem [40] . Apart from that, according to Nitti, the prevalence of incontinence in women is relatively low early in life, peaking around the time of menopause and then rising steadily between the ages of 60 to 80 years. The prevalence of incontinence is much lower in men than women [58] . Stenzelius et al. found that the prevalence of self-reported symptoms of urinary, faecal, and double incontinence in subjects of 75 years and older showed significant changes (p < 0.001) in urinary incontinence among women, compared to men [59] . Thus, these evidences may support the findings of our study on continence activity.
According to all logistic regression models performed, type of fracture was not the determinant factor for any impaired function with ADL activities. However, hip fracture is considered the most serious fractures for older adult, resulting in impaired function, and increased morbidity and mortality. Functional ability, specifically related to activities of daily living, is limited in hip fractures, and according to published data, elder patients with hip fracture did not reach their pre-fracture levels of functioning one year post-fracture in 29 to 50% of cases [60, 61] . Apart from that, hip fractures are associated with a marked decline in physical functioning at 2 years, independent of the effects of increasing age, pre-existing medical conditions and disabilities [62] .
In the present study, use of walking aid before fracture was a determinant factor for daily life activities such as bathing, dressing, transferring and toileting. However, use of walking aid before the fracture was not a determinant factor for continence and feeding activities after controlling other factors in the model. From the finding, it can be seen that subjects who used walking aid before a fracture have higher difficulties in performing ADL activities. These were closely related to activities involving movements, mobility and activities that use lower body parts such as bathing, transferring, dressing and toileting. The findings of this study was in line with a study conducted by Mariconda et al. that evaluated the status of ADL among hip bone fractures patients after one year using the same questionnaire, Katz ADL. The study demonstrated that limited ability to walk before fracture was identified as the determinant factor for patient outcomes after a bone fracture [63] .
All the logistic regression models performed in determining ADL's dependent factors have values that could be categorized into a fair category, which meant that the models were strong and acceptable. The average score of the area under the curve (AUC) for all the models were greater than 80% [33] .
Daily Life Activity Scores (ADLs) Across All Three Phases of Study
ADL scores and classification using the Katz ADL questionnaire are typically used to detect problems in performing activities of daily living and to plan care accordingly. In this present study, Katz ADL scores were categorized into three main categories of score 0-2 (dependent), score 3-4 (partial dependent) and score 5-6 (independent) [36] .
It was shown that in the pre-fracture phase, subjects were categorized in the 'independent' group with a mean score of 5.85. The results of this study were in parallel with that of the study conducted among 65-year-olds and above in Taiwan. However, the study in Taiwan used a different questionnaire, but with the same evaluation of ADL activities (bathing, toileting, transferring, dressing, continence and feeding). It showed that the prevalence of difficulties in performing ADL was low, ranging from 7% to 9.3% [64] . Besides that, our study was also similar to the Hong Kong study conducted among the older adult Chinese aged 65 years and above. The Hong Kong study, which also used the Katz ADL questionnaire, showed only 1.4% of male subjects and 1.7% of female subjects experienced difficulties in performing ADL [27] . These meant that most older adult who do not have bone fractures were categorized as independent in ADL. In addition, a study conducted among older adult aged 65 years and above without fractures at four outpatient centres in Penang, Malaysia have also shown similar results, with the mean value at 5.30 and categorized as 'independent' [28] .
Most previous studies did not evaluate ADL scores of patients while they were in the ward. However, this present study assessed the ADL scores of patients in the ward (ward admission phase). During this phase, the mean score of ADL was very low; 1.28 and this was categorized as 'dependent'. The subjects may still be traumatized and still receiving treatment. According to Inagawa et al., (2013) , lower limb fractures in older adult have more intense effect on ADL scores contributing to reduction in their ability to perform basic activities [65] .
The mean score of ADL for 3 months post-discharge was 4.33 and this was categorized as 'partial dependent'. This showed that the subjects failed to regain their pre-fracture level on ADL activities at three months after discharge. Most functions in activities of daily living could be achieved by four to six months after the fracture [66] . According to Magaziner et al., the recuperation times were specific to the area of function, ranging from four months for upper extremity function to almost a year for lower extremity function [50] . Thus, patients with lower limb fracture need longer recovery time to gain their pre-fracture ADL abilities.
Following the Friedman test, there was a significant reduction of ADL scores from pre-fracture phase to ward admission phase. This signified the limitation on ADL activities of the patient after fracture incident. From then on, there was a significant increment of ADL scores from ward admission phase to 3 months post-discharge phase. This meant that fracture healing process were on-going with improvement in the ADL activities. There are multiple factors which can influence patient's outcomes after a hip fracture: age, pre-fracture functioning and health status, fracture type, associated pain, anaemia, dementia, muscle strength, and early mobility level [67, 68] . Thus, the present study found that all independent variables tested (age, gender, fracture type, ability to walk before fracture) were significantly different from the ADL scores in post-discharge phase.
Al-Ani et al. [69] stated that the epidemiology of fracture in the older adult has been extensively investigated, but there were few prospective studies conducted among middle-aged patients. In the present study, the ADL scores of middle-aged patients were compared to older adult subjects. It was shown that middle-aged subjects had higher ADL score compared to older adult subjects. The ability to perform ADL among fractured patients were closely related to age. This was supported by Alegre-Lopez et al. who reported that age more than 80 years was one of the independent predictor of limited functional ability after a hip fracture incident [70] . However, Curry et al. reported that it was still possible for older women who experienced hip fracture to achieve an 'independent' functional level of ADL. This was not in agreement with our study although the same Katz ADL was used. However, the sample size of that study was only 23 Caucasian hip fractured women [44] , which were greatly different to our sample size of 129 female and male subjects. This may contribute to the inconsistent result.
Patients who sustained a hip fracture, regardless of gender or age were seen to receive impact in ADL [71] . Previous studies on gender and ADL recovery have produced inconsistent results [72] [73] [74] , suggesting for further research to clarify this issue. A systematic study was conducted to examine gender differences in hip fracture outcomes but was unable to make any concrete conclusions pertaining to gender difference and the outcomes function after hip fracture [75] . In the present study, significant differences in gender were found, with female at higher risk of being 'dependent' in ADL activities. A cohort study by Alegre-Lopez et al. on patients who have had a hip fracture showed that female gender was one of the independent predictors of limited functional ability other than age, poor mental status and pre-fracture functional disability [70] . The study had used a different questionnaire which was "MEDOS" and the duration of the follow-up visit was one year after a hip fracture. A different study conducted among older adult who suffered from falling injuries such as hip fractures, other bone fractures and other injuries showed that female had lower ADL recovery rates compared to men after one year of injury [76] . This time, Groningen Activity Restriction Scale (GARS) was used as a tool for evaluating ADL. In addition, the number of male subjects (31 subjects) was much lower than that of female subjects (140 subjects) and this unequal ratio may indirectly influence the result of the study. In a study by Garcia et al. which examined functional outcomes among senior citizens with hip fracture in Brazil using the Katz ADL questionnaire showed that male had decreased functional status after one-year fracture. However, the sample size of the study was very low, 29 male and five female subjects. The sample size and unequal ratio of male to female may have influenced the study result [30] .
Based on our knowledge, studies that compare the types of fractures (hip and non-hip fracture) to the scores of ADL scale are very limited. This study found a significant difference in the ADL score after three months of discharge from the hospital between subjects with hip fracture and non-hip fracture. Subjects with hip fractures were seen to have lower median (IQR) ADL scores compared to non-hip fracture. These results were supported by a study conducted by Gill et al. (2013) which observed the relationship between serious fall injury and the outcomes after bone fractures among the older adult. The level of dependence on the basic activities of daily life such as bathing, dressing, walking and transferring among the older adult were consistently worse for hip fractures than for the other serious injuries [77] . Hip fractures were seen to have a great impact on patient life in terms of mobility and other aspects of life. Only 50 to 71% of patient who sustained a hip fracture are likely to regain their pre-fracture levels of mobility 12 months after the incident and 10 to 20% will be institutionalized permanently. Data from patients who have had a hip fracture showed that two years after a hip fracture, they were more likely to be community immobile and functionally dependent compared to controls [78, 79] . A systematic study conducted to evaluate the outcomes of the patient who have had a hip fracture revealed that that the patient's rate of recovery was very low. Apart from that, about 30% of hip fracture patients did not regain their pre-fracture level of independence in ADL [80] . Hip fractures were also considered as a type of bone fracture that contributes a huge impact on morbidity, mortality and cost of treatment among older adult [81] .
The ability to walk before fracture is one of the factors that determine the success of returning to pre-fracture health function other than age, fracture types, comorbidities, functional status before fracture, anemia, subject placement status, and pain [63, 82, 83] . The present study showed that subjects using walking aids before fracture had significantly lower ADL scores compared to subjects that did not use walking aids before fracture. This was consistent with a study by Lin and Chang which concluded that the use of walking aids before fracture was one of the significant predictors for dependent on instrumental ADL [84] . These findings were inconsistent with a randomized controlled study by Karlsson et al. which observed the relation between walking ability and length of hospital stay after hip fracture. The study revealed no significant difference in the use of walking device at the 3-and 12-month follow up between the groups [85] . The inconsistent results on the use of walking aid before fracture required further studies.
There were improvements in the health outcomes of subjects aged more than 50 years old with lower limb fractures after 3 months of being discharged from the hospital. The care of geriatric patients with trauma should move beyond prevention of death and include multidisciplinary care targeted rehabilitation and prevention of permanent functional impairment. The older adult patients following trauma should be cared for by specialist nurses or caregiver. Telephone counselling for the fractured patients could be helpful.
This study has some limitations: first, it relied on self-report information, which could cause bias. The follow up period of patients at three months after discharge from hospital seems to be quite short. Ideally, the patients should be followed up at longer periods to have better reflections for activities of daily living (ADL) following trauma.
Conclusions
This was the first prospective study on the outcomes of older adult patients with lower limb fractures in Klang Valley, Malaysia. It has identified factors such as age, being female, having a hip fracture and using walking aid before fracture that may predict ADL following lower limb fracture. This information may provide inputs for treatment and rehabilitation programs for older patients with lower limb fracture. 
